The hydrogen peroxide dissociation on MgO(001) films deposited on Mo(001) surface is investigated by employing periodic density-functional theory methods. The pristine MgO(001) surface showing chemical inertness prefers the weak adsorbing molecular configuration and is extremely difficult to react with hydrogen peroxide. As far as we know, energetically favorable decomposition state of hydrogen peroxide has never been obtained on MgO(001) surface. In this work the hydrogen peroxide is successfully dissociated on perfect stoichiometric MgO(001) films by depositing on transition metal substrate, without any activation barrier. The spontaneous dissociation of hydrogen peroxide on metal supported oxide films is rationalized by characterizing the geometric structures and electronic structures.
Introduction
Metal oxides have been researched extensively for potential technical applications and reported to be efficient nanocatalyst for many challenging tasks such as transformation of carbon dioxide into hydrocarbon compounds, low-temperature oxidation of carbon monoxide, solar energy conversion et al. [1, 2] As two very exciting developments, the Au(111) supported TiO2-x and CeO2-x surfaces were active catalysts with high performance in water-gas shift reaction, which relies heavily on the direct participation of oxide in the reaction; [3] The CeOx/TiO2 hybrid substrate activated the gold nanoparticles and catalyzed the CO2 hydrogenation reaction with high selectivity at low pressure. [4] In contrast to the high reactivity of reducible metal oxides, the perfect and nonpolar MgO(001) surface with chemical inertness are generally believed to be inactive and rarely investigated for catalyzing challenging reactions. [5] The low coordinated sites such as defects, steps and corners are usually confirmed to control the catalytic reaction on MgO(001) surface. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] The generation and adsorption of high reactive oxygen species play essential role in heterogeneous catalysis processes and environmental chemical processes. [15, 16] Recently, Yousoo Kim and Maki Kawai et al studied state-selective dissociation of a single water molecule on ultrathin MgO films using density functional calculations and low-temperature scanning tunneling microscopy. [17, 18] During the dissociation reaction, a hydroxyl group was produced and stabilized on the surface. Further inspired by particular significant developments in the inverse catalyst, [19] [20] [21] [22] [23] [24] [25] [26] [27] our group have verified the hydroxyl groups and the oxygen adatom during water dissociation and coadsorption of water and oxygen on stoichiometric MgO ultrathin films. [28, 29] Giordano and Ferrari studied the modified ion pair interaction and obtained the noticeably stabilized hydroxyl groups on MgO ultrathin surface barrierlessly. [30] Previously, the variety of hydroxyl species obtained on MgO surfaces are all derived from splitting water.
Hydrogen peroxide in elemental composition can be described as 'water but with one more oxygen atom'. However, hydrogen peroxide is widely regarded as a cytotoxic agent causing serious contact burn to human body and have high oxidative ability toward many organisms because of the metastable -1 valence state of oxygen. Under catalytic condition, hydrogen peroxide decomposes disproportionately to molecular oxygen and water. Thus hydrogen peroxide is regarded to be potential clean oxidant with the only reduction by-product water. The key aspects of hydrogen peroxide adsorption behavior on material surfaces are of significant importance in various areas such as paper bleaching, manufacture of pharmaceutical and fine chemicals, and environmental protection (antibacterial applications and waste water treatment) et al. [31] As far as we know, energetically favorable dissociative adsorption state of hydrogen peroxide has never been obtained on MgO(001) surface. In this work, for the first time the hydrogen peroxide adsorption on the single crystalline MgO(001) films grown on transition metal substrates has been exploited for enhancing the reactivity of insulating oxide surface toward generating hydroxyl species.
Models and methodologies
Periodic density functional theory (DFT-D2) calculations considering the long-range dispersion correction approach by Grimme [32] were performed applying the projectoraugmented-wave (PAW) methods [33] implemented in the Vienna ab initio simulation package (VASP) code. [34, 35] 
Results and discussion

Hydrogen peroxide dissociation on pristine MgO
The obtained adsorption and dissociation structures of hydrogen peroxide on bare MgO (001) surface are shown in Figure 1 . The nondissociative adsorption configuration is 0.988eV lower in energy than the isolated molecular hydrogen peroxide and MgO (001) surface. After dissociation, hydroxyl groups bind with two neighboring surface magnesiums substantially more firmly than that of nondissociative adsorption state.
The O1-O2 distance is lengthened to 3.365 Å and the dihedral angle is enlarged to 85 .557, which demonstrate the equilibrium geometries of molecular hydrogen peroxide is thoroughly broken. The surface relaxation is more serious with rumpling value of 0.538 Å. The dissociative adsorption state is energetically unfavorable by 1.762 eV, comparing with the nondissociatvie adsorption structure. As show in Figure 2 , the dissociation of hydrogen peroxide is calculated to be highly endothermic process and the activation barrier is 1.853 eV, indicating it is extraordinarily difficult to dissociate hydrogen peroxide on pristine MgO(001) surface. 
Hydrogen peroxide dissociation on MgO(001)/Mo(001) surfaces
In order to increase the reactivity of insulating MgO(001) surface, we investigated the adsorption behaviors and dynamics of molecular hydrogen peroxide on MgO(001) films supported on Mo(001) single crystal. Strikingly, as shown in Figure 3 , the hydrogen peroxide molecules were completely dissociated to surface hydroxyl groups on MgO(001)/Mo(001). The structural parameters for hydrogen peroxide dissociative adsorption on 1 -3 ML MgO(001)/Mo(001) are shown in are more remarkable than that of pristine oxide film. 
Characterization and discussion of electronic properties
The phenomenon and mechanism of reactivity enhancement can be further understood by characterizing the electronic properties of interface structures. As listed in Table 3 , in contrast with the zero total valence of OH in molecular hydrogen peroxide, 
Conclusions
In summary, the hydrogen peroxide dissociation on MgO(001) films deposited on 
